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MICROCONTROLLER WITH A 
SYNCHRONOUS SERIAL INTERFACE AND A 
TWO-CHANNEL DMA UNIT CONFIGURED 

TOGETHER FOR PROVIDING DMA 
REQUESTS TO THE FIRST AND SECOND 

DMA CHANNEL 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The apparatus and method according to the invention 
pertains to microcontrollers, and more speci?cally, to a 
microcontroller providing a direct memory access unit that 
sends data to and stores data from a synchronous serial 
interface. 

2. Description of the Related Art 
Although consumers readily recogniZe the impact of 

personal computers in our society, they may be less aWare of 
other manifestations of microcomputers Within everyday 
life. Industrial and consumer products often require dedi 
cated intelligence of their oWn, and to this end, the same 
technology that poWers a personal computer has found its 
Way into everyday industrial and consumer goods, such as 
cellular phones, televisions, stereo systems, and a Wide 
variety of other products. Similarly, scienti?c 
instrumentation, communications systems, and control sys 
tems invariably include microcontrollers. 
A centerpiece of this technology is knoWn as a 

microcontroller, or embedded controller, Which in effect is a 
microprocessor as used in a personal computer, but With a 
great deal of additional functionality combined onto the 
same monolithic semiconductor substrate (i.e., chip). In a 
typical personal computer, the microprocessor performs the 
basic computing functions, but other integrated circuits 
perform functions such as communicating over a netWork, 
controlling the computer memory, and providing input/ 
output With the user. 

In a typical microcontroller, many of these functions are 
embedded Within the integrated circuit chip itself. A typical 
microcontroller, such as the Am186EM or AM186ES by 
Advanced Micro Devices, Inc., of Sunnyvale, Calif., not 
only includes a core microprocessor, but further includes a 
memory controller, a direct memory access (DMA) 
controller, an interrupt controller, and both asynchronous 
and synchronous serial interfaces. In computer systems, 
these devices are typically implemented as separate inte 
grated circuits, requiring a larger area and increasing the siZe 
of the product. By embedding these functions Within a single 
chip, siZe is dramatically reduced, often important in con 
sumer products. 

From a consumer products designer’s vieWpoint, often the 
particular combination of added features make a particular 
microcontroller attractive for a given application. Many 
microcontrollers are available that use the standard 80x86 
microprocessor instructions, alloWing for softWare to be 
easily developed for such microcontrollers. Because of the 
similar execution unit instruction sets, the added features 
often become principal differentiating criteria betWeen par 
ticular microcontrollers. 

Often, a synchronous serial communication port, or 
interface, is implemented in a microcontroller. A synchro 
nous serial communication port alloWs the microcontroller 
to communicate With other devices or over data lines by 
sequentially sending and receiving bits of data, With that 
data being clocked by a clock signal also provided by the 
synchronous serial communication port. When tWo devices 
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2 
synchronously communicate, one generally acts as the mas 
ter and the other the slave, With the master providing the 
serial clock. Other con?gurations are also possible, but a 
master/slave synchronous serial communications arrange 
ment is often used in microcontroller or embedded controller 
applications for data communications. It is a simple con 
?guration using feW signal lines but alloWing for very high 
speed data communication-much higher than asynchronous 
serial ports. This latter aspect is true because the transmitted 
lock synchroniZes the tWo devices. 

Synchronous serial communication ports are not only 
useful for high speed data communication over data com 
munication lines, but are also useful for providing simple 
communications among devices Within an embedded sys 
tem. For example, even using microcontrollers a number of 
integrated circuits are often implemented in a single system, 
With a need for side band communications betWeen those 
integrated circuits, such as for con?guration, monitoring, 
and other purposes. To this end, a synchronous serial inter 
face (SSI) bus Was developed. This is a synchronous com 
munication bus in Which more than one device can act as 

master, driving the clock signal. But Whatever synchronous 
protocol is chosen, in system level communication, a syn 
chronous serial bus is a simple and effective technique for 
interdevice communication. 

Therefore, it is often desirable in embedded systems in 
Which a microcontroller is implemented to provide a syn 
chronous serial port either for communications over data 
lines or among devices Within the embedded system. For 
examples a microcontroller may be implemented controlling 
a number of communication chips, and desire to periodically 
obtain status from those chips. A synchronous serial com 
munications port is a particularly suitable communication 
medium for doing so, requiring feW chips, no independent 
synchroniZation of an asynchronous port, and high speed. 

In implementing microcontrollers in embedded systems, 
another common requirement or desirable feature is the 
reduction of the bandWidth needed by any particular portion 
of the microcontroller in negotiating With other portions. For 
example, the core of a microcontroller is the execution unit, 
Which is essentially a microprocessor core. It should be free 
to perform the programmed task to Which it is dedicated, 
rather than spending time Waiting on other units Within the 
microcontroller. As described above, such units include I/O 
units, such as a parallel I/ O, an asynchronous serial port, and 
a synchronous serial port, all of Which are typically sloW 
relative (long latency) to the execution unit. 

Often helpful in freeing up the execution unit are direct 
memory access (DMA) units, timer control units, and inter 
rupt control units. Such units off-load the tasks of Waiting for 
certain external transactions to take place, and, in the case of 
the DMA unit, actually off-loading the task itself. The DMA 
unit can be programmed to perform transfers betWeen 
memory locations, or betWeen memory locations and an 
input/output port. Off-loading these tasks, the execution unit 
is freed from having to Wait for such transfers to take place. 
Further, DMA does not require code or CPU overhead to 
perform reads and Writes. This code and CPU overhead of 
non-DMA transactions reduces available system bandWidth. 

DMA units have, in the past, been implemented in a 
microcontroller to provide direct memory access transfers 
betWeen an asynchronous serial port and memory. The DMA 
unit is programmed With a starting point in memory and a 
destination asynchronous serial port (either memory or 1/0 
mapped). The DMA unit repeatedly transfers data from 
memory to the asynchronous serial port, or vice versa, 
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Waiting for the asynchronous serial port to be ready for 
additional data before providing the next transfer. Such 
DMA frees the execution unit to continue performing What 
ever processing tasks it has been assigned. 

Further improvements to a microcontroller by decoupling 
tasks among the various control units Would be desirable. 

SUMMARY OF THE INVENTION 

According to the invention, a microcontroller is imple 
mented With a synchronous serial port that is coupled to a 
DMA unit. The synchronous serial port and the DMA unit 
are con?gurable such that the DMA unit can perform a series 
of Writes from memory to the synchronous serial port, 
folloWed by a series of reads from the synchronous serial 
port to memory by a second DMA channel. 

Alternatively, the microcontroller execution unit can ?rst 
execute a Write to the serial port Which, When complete, 
requests a DMA channel to perform a series of reads from 
the serial port. 

Further embodiments provide for the interrupts to be 
masked or passed on completion of Writes and reads. Atimer 
control unit can be coupled to the synchronous serial port 
and the DMA unit to provide a delay before DMA reads and 
Writes, to prevent overrunning an external device. 

Abit is provided Which alloWs for alternating DMA Writes 
and reads, for example in a system Where a data unit (i.e., a 
byte or Word) is ?rst Written and then a data unit is read from 
the serial port successively to complete communications 
among a variety of devices. 

The microcontroller execution unit can be partially or 
completely decoupled from the series of reads and Writes. It 
may be desireable to have the execution unit create data to 
be sent, interpret data When received, or otherWise recogniZe 
a transfer should occur. According to the invention, the 
microcontroller execution unit can retain overall execution 
control, but Without the execution burden of the transfer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A better understanding of the present invention can be 
obtained When the folloWing detailed description of the 
preferred embodiment is considered in conjunction With the 
folloWing draWings, in Which: 

FIG. 1 is a block diagram of a typical microcontroller in 
Which the techniques according to the invention can be 
implemented; 

FIG. 2 is a block diagram illustrating further details of the 
interconnection of the DMA unit, interrupt control unit, and 
synchronous serial port of FIG. 1; 

FIGS. 3A—3C are block diagrams illustrating the various 
synchronous serial registers used to control the synchronous 
serial ports, along With the meaning of particular bits Within 
those registers; 

FIGS. 4A and 4B are a block diagram illustrating various 
DMA registers, along With the meaning of particular bits 
Within those registers; 

FIG. 5 is a diagram illustrating the meaning of a particular 
bit Within an interrupt control register; 

FIG. 6 is a timing diagram illustrating a synchronous 
serial Write DMA folloWed by synchronous serial read DMA 
according to the invention; and 

FIG. 7 is a timing diagram illustrating alternating syn 
chronous serial Writes and reads according to the invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Turning to FIG. 1, shoWn is a block diagram of a typical 
microcontroller M implemented according to the invention. 
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4 
Such a microcontroller is preferably implemented on a 
single monolithic integrated circuit. The microcontroller M 
preferably includes an internal bus 100 coupling a variety of 
functional units and registers used to control and monitor 
those units. These include a clock and poWer management 
unit 102 With corresponding clock/poWer registers 104, an 
interrupt control unit 106 With corresponding interrupt reg 
isters 108, a timer control unit 110 With corresponding timer 
registers 112, a direct memory access (DMA) unit 114 With 
corresponding DMA registers 116, a bus interface unit 118 
With corresponding bus interface registers 120, an execution 
unit 124 Which is essentially a microprocessor core, a chip 
select unit 126 With corresponding chip select registers 128, 
a programmable input/output (PIO) unit 132 With corre 
sponding PIO registers 134, an asynchronous serial port 136 
With corresponding asynchronous register 138, and a syn 
chronous serial port 140 With corresponding synchronous 
registers 142. Further, note the clock and poWer manage 
ment unit 102 includes external pads connected to a crystal 
144, Which provides the timing not only for the execution 
unit 124, but also for generating the serial clock in the 
asynchronous serial port 136. 
The block diagram of the microcontroller M is typical of 

microcontrollers, and could be for example, the Am186EM 
microcontroller by Advanced Micro Devices, Inc., of 
Sunnyvale, Calif. The techniques and circuitry according to 
the invention, hoWever, could be applied to a Wide variety of 
microcontrollers as Well as other devices that use a non-ideal 
clock for generation of asynchronous serial port clocks. 
Further, the term “microcontroller” has differing de?nitions 
in industry. Some companies refer to a processor core With 
additional features (such as I/O) as a “microprocessor” if it 
has no onboard memory, and digital signal processors 
(DSPs) are noW used for both special and general purpose 
controller functions. So as here used, the term “microcon 
troller” covers all of the products, and generally means an 
execution unit With added functionality all implemented on 
a single monolithic integrated circuit. 

SYNCHRONOUS SERIAL PORT UNDER DMA 
CONTROL 

Synchronous serial ports are generally knoWn to the art. 
A typical synchronous serial port is found in the Am186EM 
microcontroller. When the synchronous serial port 140 is 
based on the synchronous serial port of that microcontroller, 
a 4-pin interface is provided, including tWo serial device 
enables SDENO and SDEN1, a serial clock SCLK output, 
Which is derived from the processor internal clock divided 
by some multiple of 2, and serial data SDATA, Which is 
provided by an active loW pin SDATA#. Data is driven on 
the falling edge of SCLK and latched on the rising edge of 
SCLK. 

Turning to FIG. 2, a simpli?ed block diagram of certain 
portions of the microcontroller M of FIG. 1 is shoWn. FIG. 
2 illustrates hoW the synchronous serial port 140 is coupled 
to the DMA unit 114, providing the tWo DMA request 
signals DRQO and DRQ1 to the DMA unit 114. 

According to the invention, the synchronous serial port 
140 and the DMA unit 114 can together be con?gured to 
perform a series of Writes from an external memory to the 
synchronous serial port 140 under the control of a ?rst 
channel, channel 0 of the DMA unit 114. Upon completion 
of that sequence of Writes, a bit Within the synchronous 
registers 142 of the synchronous serial port 140 is checked 
to determined if a sequence of DMA reads should then be 
performed. If so, the synchronous serial port 140 then asserts 
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DRQ1, causing a second channel of the DMA unit 114, 
DMA channel 1, to perform a series of DMA reads from the 
synchronous serial port 140 to memory. 

Further, the interrupt control unit 106 receives an interrupt 
When the DMA unit 114 completes a predetermined number 
of Writes or reads on a particular channel, assuming appro 
priate bits Within the DMA registers 116 of the DMA unit 
114 are set. The interrupt control unit 106 can in turn be 
programmed to mask or pass such interrupts, alloWing the 
execution unit 124 to either ignore or respond to such 
interrupts. 

SYNCHRONOUS SERIAL REGISTERS 

Referring to FIG. 3A, the synchronous serial port 140 of 
the disclosed embodiment includes ?ve registers as the 
synchronous registers 142. The ?rst tWo are a synchronous 
serial status register (SSS) 200 and a synchronous serial 
control register (SSC) 202. The synchronous serial status 
register 200 includes standard bits used in synchronous 
serial status ports, such as a receive/transmit error detect bit, 
and a data receive/transmit complete bit. The synchronous 
serial status register 200 also includes an overrun bit (OVR) 
210 and a port busy bit (PB) 212, discussed beloW in 
conjunction With FIG. 3B. The synchronous serial status 
register 200 can be read by the execution unit 124 as a 
memory mapped register, providing the status of synchro 
nous serial port 140. 

The synchronous serial control register 202 alloWs the 
execution unit 124, through this memory mapped register, to 
control the synchronous serial port 140. A number of bits 
and values contained in this register 202 are discussed beloW 
in conjunction With FIG. 3C, including an alternate DMA 
channels bit (ALT) 214, a serial DMA channel 1 enable bit 
(SDMA1) 216, a serial DMA channel 0 enable register 
(SDMAO) 218, a serial device enable bit 1 (DE1) 220, and 
a serial device enable bit 0 (DEO) 222. In addition to these 
particular bits, in the disclosed embodiment, the synchro 
nous serial control register 202 includes a serial clock 
divisor ?eld SCLKDIV, Which determines the SCLK fre 
quency as derived from an internal processor clock of the 
clock and poWer management unit 102. 
A synchronous serial transmit 1 register (SSD1) 204 and 

synchronous serial transmit 0 register (SSDO) 206, When 
Written to, provide data for transmission via the synchronous 
serial port 140. There are tWo registers, but in the disclosed 
embodiment each of these cause a Write to the same serial 
data line SDATA using the same serial clock SCLK. Finally, 
a synchronous serial receive register (SSR) 208 contains the 
receive data transmitted by an external device over the 
SCLK and SDATA lines. When that data is received, a data 
receive bit Within the synchronous serial status register 200 
becomes true. 

Turning to FIGS. 3B and 3C, shoWn are further details of 
the synchronous serial status register 200 and the synchro 
nous serial control register 202. Speci?cally, certain bits are 
shoWn Which are of particular relevance to a synchronous 
serial port 140 implemented according to the invention. The 
port busy bit (PB) 212 is true Whenever a transmit or receive 
operation is in progress. When the port busy bit PB 212 is 
false, or reset, the port 140 is ready to transmit or receive 
data. 

The overrun bit (OVR) 210 is provided for the event in 
Which the synchronous serial port 140 receives multiple data 
items from an external device before the DMA unit 114 is 
able to read the synchronous serial receive register (SSR) 
208. Although this is an unlikely event, the OVR bit 210 
Would be set in such an event. 
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FIG. 3C illustrates certain bits pertinent for coupling the 

synchronous serial port 140 to the DMA unit 114 according 
to the invention. As is discussed beloW, the DMA unit 114 
in the disclosed embodiment includes tWo channels, one of 
Which is used for reading and the other Which is used for 
Writing in conjunction With the synchronous serial port 140. 
The SSC.ALT bit 214, When set, provides that after a DMA 
Write using one channel from memory to the synchronous 
serial port 140, the other DMA channel performs a read from 
the synchronous serial port 140 to memory. This continues 
until a terminal count Within the DMA unit 114, again 
discussed beloW, indicates a completion of the DMA trans 
fers. 

The serial DMA channel 0, or Writes, bit (SDMAO) 218 
indicates, When set, that When the SSS.PB bit 212 becomes 
false, indicating the synchronous serial port 140 is not busy, 
the DMA request signal DRQO should be asserted, causing 
the DMA unit 114 to perform a series of DMA Writes to one 
of the synchronous serial transmit registers (SSDn) 204 or 
206 the synchronous serial port 140 using its channel 1. This 
is repeated until the DMA unit 114 transfers the number of 
data items programmed, or until the DMA channel otherWise 
determines that the transfer is complete. At that time, if the 
serial DMA channel 0, or reads, bit (SDMA1) 216 is true, 
DRQ1 is asserted causing the second DMA channel to then 
perform a series of DMA reads from the synchronous serial 
receive register (SSR) 208 of the synchronous serial port 
140. 

The enable 1 bit (DE1) 220 and the enable 0 bit (DEO) 
222 cause the external SDENO# and SDEN1# pins to be 
asserted or deasserted correspondingly. This alloWs for the 
enablement or disablement of external devices. Further, 
hoWever, When both the SSC.DE1 bit 220 and the SSC.DEO 
bit 222 are false, a read from the synchronous serial receive 
register (SSR) 208 Will not institute a series clock pulses 
over SCLK for a serial read. Generally, to initiate a data read 
over the SDATA line, the execution unit 124 performs a read 
of the synchronous serial receive register (SSR) 208, Which 
causes a sequence of clock pulses on SCLK, alloWing an 
external slave device to provide the data. By disabling the 
SSC.DE1 bit 220 and the SSC.DEO bit 222, hoWever, a ?nal 
received data item can be read from the synchronous serial 
receive register 208 Without causing another read sequence 
over the synchronous serial port 140. 

Thus, according to the invention, a standard synchronous 
serial port 140 is provided With control bits that couple the 
synchronous serial port 140 to the DMA unit 114. In the 
disclosed embodiment, these bits cause the DMA request 
signal DRQO and DRQ1 to be asserted at appropriate times 
to provide for synchronous serial transfers using ?rst a DMA 
Write channel and then a DMA read channel. 

DMA AND INTERRUPT REGISTERS 

Turning to FIGS. 4A and 4B, shoWn are a portion of the 
registers Within the DMA registers 116, as Well as details of 
particular bits Within one of those registers. The DMA 
registers 116 in the disclosed embodiment include DMA 
channel 0 control register (DOCON) 300, a DMAO transfer 
count register (DOTC) 302, a DMAO destination address 
high register (DODSTH) 304 and a DMAO destination 
address loW register (DODSTL) 306 Which together specify 
a DMAO destination address (DODST), and a DMA source 
address high register (DOSRCH) 308 and a DMAO source 
address loW register (DOSRCL) 310 Which together specify 
a DMAO source address (DOSRC). These are standard DMA 
registers, Which are repeated (although not shoWn) for the 
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second channel, DMA1. The DMAO control register 
(DOCON) 300 includes a variety of bits controlling transfers 
using DMA channel 0. These include a destination address 
space bit for selecting betWeen memory and I/O space; a 
destination decrement bit that causes the destination address 
(DODST) 304 to decrement after each transfer; a destination 
increment bit Which causes the destination address (DODST) 
to instead increment after each transfer; a source address 
space select bit Which selects memory or I/ O space; a source 
decrement and source increment bits Which cause the source 
address (DOSRC) to decrement or increment after each 
transfer; a synchroniZation type ?eld for specifying source 
synchroniZation, destination synchroniZation, or unsynchro 
niZed transfers; a priority bit; a timer enable/disable request 
bit Which enables DMA requests from a timer in the timer 
control unit 110; a start/stop DMA channelO bit; a change 
start bit; and a byte/Word select Which selects Whether byte 
or Word transfers Will occur. All of these are Well-knoWn 
?elds Which are further described, for example, in the 
Am186EM User’s Manual. 
TWo other bits are of particular interest in the DMA 

control register (DOCON) 300. These are shoWn in FIG. 4B, 
and include a terminal count enable bit TC bit 312 and an 
interrupt on TC bit (INT) 314. The DOCON.TC bit 312, 
When set, causes DMA channel 0 to terminate DMA When 
the transfer count register (DOTC) 302 reaches Zero. The 
transfer count register (DOTC) 302 is decremented after each 
transfer, so if the transfer count register (DOTC) 302 is 
loaded With the desired number of data items to transfer 
before DMA is initiated, that number of items Will be 
transferred and then the DMA Will be terminated. This is of 
particular interest When using DMA With the synchronous 
serial port 140, and (for example) DMA channel 0 is 
employed for a DMA Write, and then the DMA channel 1 is 
employed for a read. If the transfer count register (DOTC) 
302 is ?rst set With the number of bytes to Write, DMA 
channel 0 Will terminate after those Writes, resetting the 
serial DMA Writes bit (SDMAO) 218, at Which point DMA 
channel 1 Will begin a read if the serial DMA reads bit 
(SDMA1) 216 is set. 

While in the previous discussion it has been assumed that 
channel 0 Will be employed for DMA Writes to the synchro 
nous serial port 140, and channel 1 Will be employed for 
DMA reads from the synchronous serial port 140, this is 
more a matter of con?guration rather than a system require 
ment. Each DMA channel can be con?gured for memory or 
I/O space source and destination addresses, and can be 
con?gured to increment, decrement, or keep the source or 
destination address the same. To con?gure channel 0 for a 
DMA Write to the serial port, for example, the DMAO source 
address (DOSRC) is loaded With the source address in 
memory, the DMAO destination address (DODST) is loaded 
With either the memory mapped address of one of the 
synchronous serial transmit registers (SSD) 204 or 206, and 
the DMAO control register (DOCON) 300 is con?gured for 
the source address to be in memory space, the destination 
address to be in memory space, to increment the source 
address after each read from the source, to hold the desti 
nation address (i.e., the synchronous serial transmit register 
(SSD) 204 or 206) constant, and to synchroniZe With the 
destination. DMA channel 1 is similarly con?gured, but for 
reads from the synchronous serial receive register (SSR) 
208. As Will be appreciated, either channel can be con?gured 
for reads or Writes via the synchronous serial port 140. 

The interrupt on TC bit (INT) 314, When set, causes DMA 
channel 0 to generate an interrupt on completion of the 
transfer count held in the DMA transfer count register 
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(DOTC) 302. This is useful to provide for execution unit 124 
monitoring of reads after a DMA Write is complete, or 
otherWise to inform the execution unit 124 that either a 
synchronous serial Write DMA or synchronous serial read 
DMA has completed. 

Therefore, prior to performing a DMA to the synchronous 
serial port 140, DMA channel 0 is con?gured With an 
appropriate transfer count Within the transfer count register 
(DOTC) 302, With an appropriate source address Within the 
source address registers (DOSRC) 308 and 310, and With one 
of the synchronous serial transmit registers (SSD) 204 or 
206 as the destination address (DODST). DMA channel 0 
Will then perform a DMA Write to the synchronous serial 
port 140. Similarly, DMA channel 1 is set up With a transfer 
count Within the transfer count register (D1TC), the desti 
nation address for the reads from the synchronous serial port 
140 set Within the DMA1 destination address registers 
(D1DST), and the source address (D1SRC) set to the syn 
chronous serial receive register (SSR) 208. 

Turning to FIG. 5, shoWn is an interrupt mask register 
Within the interrupt control unit 106. Speci?cally, shoWn is 
a DMA interrupt control register 316, Which is actually 
repeated for each DMA channel as DMAOCON and 
DMA1CON. Of principal interest is an interrupt mask bit 
MSK 318, Which, When true, masks any interrupts provided 
by the corresponding DMA channel. Of note, the corre 
sponding DMA channel Will only issue an interrupt if the 
corresponding DnCON.INT bit 314 is set. Even if that bit is 
set, if the interrupt mask bit MSK 318 is true, no actual 
interrupt Will occur to the execution unit 124 even if the 
terminal count bit (TC) 312 is true. 

OPERATION OF SYNCHRONOUS SERIAL 
PORT DMA READS AND WRITES 

Given the preceding discussion of the registers and bits of 
the DMA unit 114, the synchronous serial port 140, and the 
interrupt control unit 106, timing diagrams of FIGS. 6 and 
7 illustrate programming and operation of the synchronous 
serial DMA according to the invention. 

Turning to FIG. 6, shoWn is a basic timing diagram of a 
programmed sequence of three DMA Writes to the synchro 
nous serial port 140 folloWed by three DMA reads. The three 
DMA Writes are of three data items, W2 through W0. The 
reads are of three data items, R2 through R0. In the sequence 
shoWn in FIG. 6, channel 0 of the DMA unit 114 is 
programmed to execute the three Writes, at Which point the 
transfer count in the DOTC register 302 reaches 0, resetting 
the SSC.SDMAO bit 218. Then, the SSC.SDMA1 bit 216 
causes DMA channel 1 to be invoked by a request via 
DRQ1. This causes three reads to be executed by DMA 
channel 1. Although the ?nal read over the serial port is 
executed by the DMA unit 114, the execution unit 124 Will 
then receive an interrupt and actually read the ?nal data item 
from the SSR register 208. 

Prior to execution of the sequence of Writes folloWed by 
the sequence of reads, a number of the previously discussed 
registers are set With appropriate values. Referring to FIG. 
4A, the DMAO transfer count register (DOTC) 302 is set to 
3, indicating three Writes Will be executed. Further, the 
terminal count enable bit (TC) 312 of the DMA control 
register 300 is set to cause channel 0 to terminate DMA 
When the DOTC register 302 reaches Zero. For channel 1, the 
terminal count is set to 3 by loading the D1TC register With 
3, and similarly the terminal count bit is set by setting 
D1CON.TC. 

Turning to the synchronous serial control register 202, 
both serial DMA channels are set to be invoked via DRQO 
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and DRQ1 by setting the SSC.SDMAO bit 218 and the 
SSC.SDMA1 bit 216. Further, a ?eld Within the DMA 
channel 0 control register 300 and the DMA channel 1 
control register is set for appropriate synchronization. 
Speci?cally, DMA channel 0, Which Will perform the Writes, 
is set to destination synchronization. This means a subse 
quent Write Will not occur until the DRQO signal is asserted 
by the synchronous serial port 140. This occurs When the 
destination (here, one of the synchronous serial transmit 
registers (SSD) 204 or 206) can be loaded With the data. This 
is true When the port busy bit PB 212 of the synchronous 
serial status register 200 becomes false. Similarly, the syn 
chronization ?eld Within the channel 1 DMA control register 
D 1 CON is set for source synchronization. This is appro 
priate because on reads, a DMA should not occur until the 
source has data available—in this case, data ready in the 
synchronous serial port 140 SSR register 208. 

In both the DOCON register 300 and the corresponding 
D1CON register, the interrupt on TC bit INT 314 is set, so 
that an interrupt occurs When the particular channel’s trans 
fer is complete. This is for tWo reasons. First, preferably the 
interrupt signal from a DMA channel is used to reset the 
corresponding SSC.SDMAO bit 218 or SSC.SDMA1 bit 
216. Further, hoWever, When DMA channel 1 completes its 
reads, the DMA channel Will cause an interrupt to the 
processor so that the processor knoWs that the sequence 
reads is complete and the ?nal data item, RO can be read. 

This latter aspect is controlled by setting the 
DMAOCON.MSK bit 318 so that the execution unit 124 is 
not interrupted at the end of the series of Writes, but resetting 
the DMA1CON.MSK bit, so that at the end of the series of 
DMA reads, the execution unit 124 is interrupted by channel 
1 of the DMA unit 114. 

Alternatively, the DMAOCON.MSK bit 318 can be reset 
so that the execution unit 124 is interrupted at the end of the 
sequence of Writes. This can be done if it is desired for the 
execution unit 124 to at least monitor the sequence of DMA 
reads that is then executed by channel 1. 

Further, various of the other synchronous serial registers 
142 and their bits and the DMA registers 116 and their bits 
are set so that channel 0 of the DMA unit 114 uses memory 
mapped source and destination, sets the source to a location 
in memory containing the data to be sent, sets the destination 
to the memory map location of the desired synchronous 
serial transmit register (SSD) 204 or 206, and selects appro 
priate byte or Word Wide transfers. Similarly, for channel 1, 
the source and destination are set to be memory mapped, 
With the source being the memory mapped location of the 
synchronous serial receive register (SSR) 208, and the 
destination being the appropriate memory location to store 
the received data. The destination address is set to 
increment, While the source address (being the serial receive 
register) is set constant. 

All of these various settings are summarized by the table 
beloW: 

Register/Bit Purpose 

DOTC register 302 = 3 
DOCON.TC bit 312 set 
D1TC register = 3 

D1CON.TC bit set 
SSC.SDMAO bit 218 set 
SSC.SDMA1 bit 216 set 

Three byte transfer on channel 0 
Stop channel 0 on DOTC == 

Three byte transfer on channel 1 
Stop channel 1 on D1TC == 

Channel 0 requests enabled 
Channel 1 requests enabled 
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-continued 

Register/Bit Purpose 

DOCON.INT bit 314 set Interrupt on DOTC == 0 (resets 

SSC.SDMAO) 
D1CON.INT bit set Intemipt on D1TC == 0 (resets 

SSC.SDMA1) 
DMAOCON.MSK bit 318 set (reset for 
execution unit attended reads) 
DMA1CON.MSK reset 

Other DOCON register 300 settings: 

Source and destinations set to 

memory 
Source set to increment or decrement 

Destination set to remain ?xed 
Byte select 
Synchronization set to destination 

DOSRC registers 308 and 310 set to 
appropriate memory location 
DODST registers 304 and 306 set to 
memory mapped location of synchro 
nous serial transmit register 
(SSR) 204 or 206 
Other D1CON register settings: 

Source and destinations set to 

memory 
Source set to remain ?xed 
Destination set to increment or 

decrement 
Byte select 
Synchronization set to source 

D1DST registers set to appropriate 

Masks actual CPU interrupt on 
DOTC == 

AlloW CPU interrupt on 
D1TC == 0 

Use memory and memory 
mapped registers 
Move through memory to 
obtain Write data 
Memory mapped SSD register 
For byte Wide transfers 
AlloW the synchronous serial 
port 140 to drive the DMA 
Source data 

Destination is synchronous serial 
transmit register 

Use memory and memory 
mapped registers 
Memory mapped SSR register 
Write received data to memory 

For byte Wide transfers 
AlloW the synchronous serial 
port 140 to drive the DMA 
Destination data 

memory 
D1SRC registers set to memory mapped 
location of synchronous serial receive 
register (SSR) 208 

Source is synchronous serial 
transmit register 

Referring to the diagram of FIG. 6, in vieW of these initial 
settings, at a ?rst point in time 500 the SSC.SDMAO bit 218 
and the SSC.SDMA1 bit 216 have been set true. At this 
point, the SSS.PB bit 212 is false, indicating the synchro 
nous serial port 140 is not executing a serial read or Write. 
Upon the setting of the SSC.SDMAO bit 216, the synchro 
nous serial port 140 asserts DRQO in response. DRQO is 
asserted by the synchronous serial port 140 When the SSC.S 
DMAO bit 216 is true and the SSS.PB bit 212 is false. When 
DRQO is asserted, the DMA unit 114 channel 0 executes a 
DMA Write the data at the DMA source address (DOSRC) to 
one of the synchronous serial transmit registers (SSD) 204 
or 206. 

Further at point in time 500, the DMAOTC register 302, 
and the corresponding DMA1TC register for channel 1, both 
are loaded With a count of 3. The DMAOTC register 302, 
hoWever, is decremented at a point in time 502, Which is the 
time When channel 0 of the DMA unit 114 has completed the 
Write to the SSD register 204 or 206. At this point, the 
synchronous serial port 140 proceeds to Write the data W2 
over the SDATA# line and the SCLK line, transmitting the 
data to Whatever device is receiving that data. Even after the 
Write has completed to the SSD register 204 or 206, 
hoWever, the SSS.PB bit 212 remains high, indicating the 
synchronous serial port 140 is busy. Because channel 0 has 
been destination synchronized, it Will not initiate another 
Write to the synchronous serial port 140 until DRQO is again 
asserted by the synchronous serial port 140. 
At a point in time 504, the Write of the data W2 is 

complete, so the SSS.PB bit 212 falls loW, indicating that the 
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synchronous serial port 140 is no longer busy. Because the 
SSC.SDMAO bit 218 is still true, this in turn causes the 
synchronous serial port 140 to again assert the DRQO signal, 
in turn causing a DMA Write by channel 0 to the SSD 
register 204 or 206. In this case, the data W1 is Written. This 
sequence is repeated at point in time 506, When SSS.PB bit 
212 again goes loW, and the DRQO signal is again asserted. 
This, hoWever, is the Write of the ?nal data item to the SSD 
register 204 or 206, so the transfer count register DMAOTC 
goes to 0, Which in turn causes the DMA unit 114 to issue 
an interrupt because the DOCON.TC bit 312 is set and the 
DOCONINT bit 314 is set. Note, hoWever, this interrupt 
does not cause an actual interrupt to the execution unit 124 
because the DMAOCON.MSK bit 316 is also set. It does, 
hoWever, cause the channel 0 interrupt signal to be applied 
to the synchronous serial port 140, in response to Which the 
synchronous serial port 140 resets the SSC.SDMAO bit 218. 
So, at point 508 at the end of the Write of the data W0, the 
SSS.PB bit 212 again goes loW, but at this point, the 
SSC.SDMAO bit 218 is no longer true. So another DRQO 
Will not be issued. 

The SSC.SDMA1 bit 216, hoWever, is true, indicating the 
DMA unit 114 should proceed With the DMA read using 
channel 1. The DRQ1 signal is asserted by the synchronous 
serial port 140, Which in turn causes a DMA read by channel 
1 of the DMA unit 114 from the synchronous serial receive 
register (SSR) 208. This read initiates a read of the data R2, 
but because of the particular implementation of the micro 
controller M, the data read by the DMA unit 114 and stored 
in memory is invalid data, because the data R2 has not yet 
been received. Instead, the read by DMA channel 1 from the 
register (SSR) 208 at a point 510 is a dummy read that 
initiates the read of R2. At the end of that dummy read, the 
D1TC register is decremented to 2, and DMA channel 1 goes 
idle, Waiting for the source (i.e., the synchronous serial port 
140) to issue another DRQ1. 

This DRQ1 occurs When the SSS.PB bit 212 goes loW at 
point 512. At this point the data R2 has been read by the 
synchronous serial port 140 from the SDATA# line and 
stored in the SSR register 208. When the SSS.PB bit 212 
goes loW, the DRQ1 signal is asserted, Which in turn causes 
channel 1 of the DMA unit 114 to read the register (SSR) 
208. That read not only reads the data R2 from the synchro 
nous serial receive register (SSR) 208 and stores that data in 
channel 1 destination memory, but also initiates the read of 
R1 at point in time 514. After the data is read from the SSR 
register 208, the D1TC register is again decremented, and 
the DMA channel 1 Waits for the next data to be available 
from the synchronous serial port 140. This occurs at point 
516, Where DMA channel 1 reads the data R1 Which has just 
been received into the synchronous serial register SSR 208 
and initiates the read of R0, starting at 518. The TC is then 
decremented to Zero. This causes not only an interrupt to the 
synchronous serial port 140, resetting the SSC.SDMA1 bit 
216, but also initiates an actual interrupt to the execution 
unit 124. In this case, the execution unit 124 then polls the 
port busy bit (PB) 212 until it goes false, at Which point a 
routine Within the execution unit 124 resets the tWo enable 
bits SSC.DEO 222 and SSC.DE1 220, and then reads the 
data RO from the SSR register 208. 

Thus, using tWo DMA channels, a sequence of Writes 
folloWed by a sequence of reads is executed to and then from 
the synchronous serial port 140 Without execution unit 124 
intervention. 

Turning to FIG. 7, shoWn is a similar time line to that of 
FIG. 6, but in this case, it is also assumed that the alternate 
channels bit SSC.ALT 214 is set. This bit causes one change 
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12 
from the timing of FIG. 6—speci?cally, as long as both of 
the serial DMAbits SSC.SDMAO 218 and SSC.SDMA1 216 
are set, the synchronous serial port 140 alternates asserting 
DRQO and DRQ1. In this Way, DMA channel 0 ?rst Writes 
data W2 during a time period 600, and then DMA1 initiates 
a dummy read, Which causes a read of data R2 in a period 
602. This proceeds With alternating Writes and reads of data 
W1, R1, W0, and R0 in subsequent periods 604, 606, 608, 
and 610. Again, after the penultimate read of R0, an interrupt 
to the execution unit 124 alloWs the execution unit 124 to 
poll for the port busy bit SSS.PB 212 to go loW, at Which 
point the ?nal data RO can be read from the SSR register 208. 

It Will be appreciated that by setting the bits appropriately 
Within the various control registers, a series of DMA reads 
can be executed after a processor initiated Write, or instead 
a series of DMA Writes can be folloWed by a series of 
processor executed reads. Given the control registers of 
FIGS. 3A—5, for example, the folloWing Would be appro 
priate settings for registers for a series of DMA reads after 
a processor initiated Write. Preferably, the various registers 
Would be set to their values immediately after a processor 
Write Was initiated. After that processor Write Was 
completed, a series of reads Would be executed by DMA 
channel 0. 

Register/Bit Purpose 

DOTC register 302 = 3 
DOCON.TC bit set 
SSC.SDMAO bit 218 set 
SSC.SDMA1 bit 216 reset 
DOCON.INT bit 314 set 

DMAOCON.MSK bit 318 reset 

Other DOCON register 300 settings: 

Source and destinations set to 

memory 
Source set to remain ?xed 
Destination set to increment or 

decrement 
Byte select 
Synchronization set to source 

DODST registers 308 and 310 set to 
appropriate memory 
DOSRC registers 304 and 306 set to 
memory mapped location of syn 
chronous serial receive 
register (SSR) 208 

Three byte transfer on channel 0 
Stop channel 0 on D1TC == 0 

Channel 0 requests enabled 
Channel 1 requests disabled 
Interrupt on DOTC == 0 (resets 

SSC.SDMAO) 
AlloW CPU interrupt on 
DOTC == 

Use memory and memory 
mapped registers 
Memory mapped SSR register 
Write received data to memory 

For byte Wide transfers 
AlloW the synchronous serial 
port 140 to drive the DMA 
Destination data 

Source is synchronous ser 
ial transmit register 

Similarly, the folloWing are appropriate settings for a 
series of DMA Writes by channel 0 folloWed by an interrupt 
to the processor so that the processor can execute a series of 
polled reads: 

Register/Bit Purpose 

DOTC register 302 = 3 
DOCON.TC bit 312 set 
SSC.SDMAO bit 218 set 
SSC.SDMA1 bit 216 reset 
DOCON.INT bit 314 set 

DMAOCON.MSK bit 318 reset 

Three byte transfer on channel 0 
Stop channel 0 on DOTC == 

Channel 0 requests enabled 
Channel 1 requests disabled 
Interrupt on DOTC == 0 (resets 

SSC.SDMAO) 
AlloW CPU interrupt on 
DOTC == 0 
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-continued 

Register/Bit Purpose 

Other DOCON register 300 settings: 

Source and destinations set to 

memory 
Source set to increment or decrement 

Use memory and memory 
mapped registers 
Move through memory to 
obtain write data 
Memory mapped SSD register 
For byte wide transfers 
Allow the synchronous serial 
port 140 to drive the DMA 
Source data 

Destination set to remain ?xed 
Byte select 
Synchronization set to destination 

DOSRC registers 308 and 310 set to 
appropriate memory location 
DODST registers 304 and 306 set 
to memory mapped location of syn 
chronous serial transmit reg 
ister (SSR) 204 or 206 

Destination is synchronous 
serial transmit register 

USE OF INTERVENING TIMER 

Further, it will be understood that in many situations, the 
devices to which data is written to and read from may have 
different timing characteristics in the microcontroller M. It 
may be desirable to institute a delay either between writes or 
reads between the sequence of writes followed by the 
sequence of reads, or between each write and read. This can 
be done by providing further circuitry to start a timer from 
the synchronous serial port 140. The timer then initiates the 
DMA request. That is, rather than the port busy bit SSSPB 
212 when low initiating a DRQO or DRQ1, it would start a 
timer within the timer control unit 110, which would in turn 
initiate the corresponding DRQO or DRQ1. One skilled in 
the art will readily appreciate this extension to the architec 
ture illustrated in FIGS. 1—7. 

The foregoing disclosure and description of the invention 
are illustrative and explanatory thereof, and various changes 
in the size, shape, materials, components, circuit elements, 
wiring connections and contacts, as well as in the details of 
the illustrated circuitry and construction and method of 
operation may be made without departing from the spirit of 
the invention. 
What is claimed is: 
1. A microcontroller implemented as a single monolithic 

integrated circuit, comprising: 
an execution unit; 
a direct memory access (DMA) unit with at least a ?rst 
DMA channel and a second DMA channel con?gurable 
by the execution unit; and 

a synchronous serial port with a transmit register and a 
receive register and coupled to the DMA unit for 
providing DMA requests to the ?rst DMA channel and 
the second DMA channel, wherein the DMA unit and 
the synchronous serial port are together con?gurable by 
the execution unit such that the DMA unit executes a 
series of writes to the transmit register of the synchro 
nous serial port followed by a series of reads from the 
receive register of the synchronous serial port without 
execution unit intervention. 

2. The microcontroller of claim 1, wherein the series of 
writes is executed using the ?rst DMA channel, and wherein 
the series of reads is executed using the second DMA 
channel. 

3. The microcontroller of claim 1, wherein the synchro 
nous serial port includes a control register accessible by the 
execution unit, the control register including a bit enabling 
DMA requests to the ?rst DMA channel and including a bit 
enabling DMA requests to the second DMA channel. 
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4. The microcontroller of claim 3, wherein the control 

register includes an alternate channels bit, which causes the 
synchronous serial port to alternate DMA requests between 
the ?rst DMA channel and the second DMA channel. 

5. The microcontroller of claim 1, wherein the synchro 
nous serial port is con?gurable as a master. 

6. The microcontroller of claim 1, wherein the DMA unit 
is con?gurable to interrupt the execution unit at the end of 
the series of reads. 

7. The microcontroller of claim 1, wherein the DMA unit 
is con?gurable to interrupt the execution unit following the 
series of writes so that the execution unit can monitor the 
series of reads. 

8. The microcontroller of claim 1, further comprising a 
timer coupled to the synchronous serial port, the timer 
starting responsive to the completion of a transfer responsive 
to a ?rst DMA request, and the timer initiating a second 
DMA request causing a second transfer by the synchronous 
serial port responsive to timing out. 

9. A microcontroller implemented as a single monolithic 
integrated circuit, comprising: 

an execution unit; 
a direct memory access (DMA) unit with at least a ?rst 
DMA channel con?gurable by the execution unit; and 

a synchronous serial port with a transmit register and a 
receive register and coupled to the DMA unit for 
providing DMA requests to the ?rst DMA channel, 
wherein the DMA unit and the synchronous serial port 
are together con?gurable by the execution unit such 
that the DMA unit executes a series of reads from the 
receive register of the synchronous serial port imme 
diately following a write by the execution unit to the 
transmit register of the synchronous serial port. 

10. The microcontroller of claim 9, further comprising a 
timer coupled to the synchronous serial port, the timer 
starting responsive to the completion of a transfer responsive 
to a ?rst DMA request, and the timer initiating a second 
DMA request causing a second transfer by the synchronous 
serial port responsive to timing out. 

11. A microcontroller implemented as a single monolithic 
integrated circuit, comprising: 

an execution unit; 
a direct memory access (DMA) unit with at least a ?rst 
DMA channel and a second DMA channel con?gurable 
by the execution unit; and 

a synchronous serial port with a transmit register and a 
receive register and coupled to the DMA unit for 
providing DMA requests to the ?rst DMA channel and 
the second DMA channel, wherein the DMA unit and 
the synchronous serial port are together con?gurable by 
the execution unit such that the synchronous serial port 
alternatively requests DMA via the ?rst DMA channel 
and then the second DMA channel, such that the DMA 
unit executes an alternating series of writes and reads to 
the transmit register and the receive register of the 
synchronous serial port without execution unit inter 
vention. 

12. The microcontroller of claim 11, wherein the synchro 
nous serial port includes a control register accessible by the 
execution unit, the control register including a bit enabling 
DMA requests to the ?rst DMA channel and including a bit 
enabling DMA requests to the second DMA channel. 

13. The microcontroller of claim 11, wherein the synchro 
nous serial port includes a control register accessible by the 
execution unit, the control register including a bit enabling 
alternating requests to the ?rst DMA channel and the second 
DMA channel. 
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14. The microcontroller of claim 11, further comprising a 
timer coupled to the synchronous serial port, the timer 
starting responsive to the completion of a transfer responsive 
to a ?rst DMA request, and the timer initiating a second 
DMA request causing a second transfer by the synchronous 
serial port responsive to timing out. 

15. A method for providing synchronous serial commu 
nications using a microcontroller With a direct memory 
access (DMA) unit and a synchronous serial port, the 
method comprising the steps of: 

con?guring the synchronous serial port to provide DMA 
requests to a ?rst DMA channel and then a second 
DMA channel; 

con?guring the ?rst DMA channel to perform a series of 
DMA Writes from a memory to the synchronous serial 
port in response to the DMA requests from the syn 
chronous serial port to the ?rst DMA channel; 

con?guring the second DMA channel to perform a series 
of DMA reads from the synchronous serial port to a 
memory in response to DMA requests from the syn 
chronous serial port to the second DMA channel; 

performing the series of DMA Writes from memory to the 
synchronous serial port; and 

performing a series of DMA reads from the synchronous 
serial port to memory, Wherein the series of Writes 
folloWed by a series of reads are performed Without 
execution unit intervention. 

16. The method of claim 15, further comprising the step 
of providing a delay before the second DMA channel 
performs a series of DMA reads. 

17. Amicrocontroller implemented as a single monolithic 
integrated circuit, comprising: 

an execution unit, 

a synchronous serial port; 

a direct memory access (DMA) unit; and 
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means for performing a sequence of synchronous serial 

Writes to the synchronous serial port immediately fol 
loWed by a sequence of synchronous serial reads from 
the synchronous serial port Without execution unit 
intervention, comprising: 
means for con?guring the synchronous serial port to 

provide DMA request to the direct memory access 
unit; 

means for con?guring the direct memory access unit to 
perform a sequence of synchronous serial Writes to 
the synchronous serial port in response to the DMA 
requests; and 

means for con?guring the direct memory access unit to 
perform a sequence of synchronous serial reads from 
the synchronous serial port after the sequence of 
synchronous serial Writes in response to the DMA 
requests. 

18. Amicrocontroller implemented as a single monolithic 
integrated circuit, comprising: 

an execution unit; 

a synchronous serial port; 
a direct memory access (DMA) unit; and 
means for performing an alternating sequence of synchro 

nous serial Writes to the synchronous serial port and 
synchronous serial reads from the synchronous serial 
port Without execution unit intervention, comprising: 
means for con?guring the synchronous serial port to 

provide DMA requests to the direct memory access 
unit; and 

means for con?guring the direct memory access unit to 
perform an alternating sequence of synchronous 
serial Writes to the synchronous serial port and 
synchronous serial reads from the synchronous serial 
port in response to the DMA requests. 

* * * * * 


